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ELECTRONIC DEVICE, RUBBER PRODUCT, AND 
METHODS FOR MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The disclosure of Japanese Patent Application No. 
JP2003-348979, filed on Oct. 8, 2003, including the speci 
fication, drawings and abstract thereof, is incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to an electronic 
device comprising a module which includes an antenna and 
an RFID chip electrically connected to the antenna. 
0003) Among the applications of an electronic device 
which comprises an RFID chip electrically connected to an 
antenna (hereinafter referred to as a module), there is a 
rubber product in which an electronic device comprising a 
module is embedded. Such conventional technology is dis 
closed in reference 1, Japanese Patent Unexamined Publi 
cation No. JP2002-272589A. 

0004. The above-mentioned Reference 1 describes a 
method in which a through-hole is formed in a corner at the 
edge of a mat, that is, a rubber product, a module is inserted 
in the through-hole, unVulcanized rubber is also inserted in 
the through-hole to enclose the module, and pressure and 
heat are applied from both sides of the unvulcanized rubber 
to Vulcanize it, thereby making it a unified part of the 
Vulcanized rubber that makes up the mat. 
0005. An IC card is a type of electronic device. Conven 
tional technology relating to an IC card is disclosed in 
reference 2, Japanese Patent Unexamined Publication No. 
JP11-345299A. 

0006 The above-mentioned Reference 2 describes a 
method to make a module movable. In this method, a 
module coated beforehand with a Surface lubricant, Such as 
a silicone oil, is disposed between a pair of base parts, and 
a resin is then filled in and cured between the pair of base 
parts. 

0007. In the method which employs conventional tech 
nology to make a module movable, a module coated with a 
Surface lubricant is enclosed by a resin (to be cured). Using 
this technique, even though the module does not come into 
direct contact with the resin, it is movable only within the 
limited Space Surrounded by the cured resin, So that the 
resultant effect of StreSS dispersion is very Small. 
0008. In addition, the conventional technology, there are 
possibilities of causing bonding fracture between an RFID 
chip and an antenna, as well as antenna deformation. Also, 
there are cases in which, in mounting an electronic device to 
a rubber product, a module is embedded in Vulcanized 
rubber by Vulcanizing unvulcanized rubber, with priority 
being placed on the appearance or design or a need to Satisfy 
the function requirements of the rubber product. Usually, a 
process of Vulcanizing unVulcanized rubber involves heating 
the unvulcanized rubber to a temperature of 100° C. to 300 
C. and then cooling the heated rubber down to room 
temperature. The process causes the rubber to largely shrink, 
because the linear thermal expansion coefficient of rubber is 
very large. Therefore, the Vulcanization process tends to 
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cause a bonding fracture between an RFID chip and an 
antenna, as well as antenna deformation. 

SUMMARY OF THE INVENTION 

0009. An object of the present invention is to increase the 
durability of an electronic device which includes a module 
comprising an RFID chip and an antenna, which are elec 
trically interconnected. 
0010 Another object of the invention is to increase the 
durability of a rubber product which includes a module 
embedded in rubber, the module comprising an RFID chip 
and an antenna which are electrically interconnected. 
0011 A product structure is provided in which a module 
comprising an RFID chip and an antenna, which are elec 
trically interconnected, is included together with adjacent 
Spaces in which the module is movable. Because the module 
is Substantially movable in the Spaces, the StreSS on the 
bonding between an RFID chip and an antenna and also the 
StreSS on the antenna are reduced by dispersion. As a result, 
the durability of the module and the antenna increases, and, 
consequently, the durability of the product comprising the 
module also increases. 

0012. When the module is incorporated in a rubber 
product using a rubber Vulcanization process in which the 
rubber is caused to Shrink, the Spaces in which the module 
is movable allows the StreSS generated during the process to 
be dispersed, so that the durability of the module and the 
antenna during the proceSS is also enhanced. 
0013 The above-described structure of a product com 
prising a module which includes an RFID chip and an 
antenna, which are electrically interconnected, can increase 
the durability of the product. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is a cross sectional view of an electronic 
device comprising a rubber sheet in which an RFID inlet is 
embedded. 

0.015 FIG. 2 is a top plan view of the rubber sheet. 
0016 FIG. 3 is a sectional view showing how compo 
nents are arranged when the RFID inlet is mounted to the 
rubber sheet. 

0017 FIGS. 4A and 4B are diagrams which show a 
process of pasting a pair of polyimide film sheets, each 
having an adhesive layer, to the upper and under Surfaces of 
the RFID inlet. 

0018 FIGS. 5A to 5C are diagrams which show a 
process in which an RFID inlet having a laminated structure 
is embedded in the base part that is processed to increase the 
Surface lubricity. 
0019 FIG. 6 is a perspective view showing a process in 
which an RFID inlet is enclosed by the base part according 
to a Second embodiment of the invention. 

0020 FIG. 7 is a perspective view showing the base part 
in a state after enclosing the RFID inlet. 
0021 FIG. 8 is a perspective view showing a process in 
which an RFID inlet is enclosed by the base part according 
to a third embodiment of the invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0022 Preferred embodiments of the present invention 
will be described hereinafter with reference to FIGS. 1 to 8. 

0023. As a first embodiment of an electronic device 
according to the present invention, a rubber product in which 
a module is embedded will be described. 

0024 FIG. 1 shows a section of a portion of the product 
containing an RFID inlet 9 embedded in a rubber sheet 1, 
which constitutes a rubber product. The rubber sheet 1 
comprises a rubber base 2, a base part 4 processed to 
increase the Surface lubricity (a release agent like a release 
paper), a holding rubber member 8, and the RFID inlet 9. 
0025. The RFID inlet 9 comprises a thin, compact RFID 
chip 5 and a flat antenna 6 required for transmission and 
reception. The chip and antenna are metallurgically bonded, 
or more specifically, electrically connected, via a metal 
bump (not illustrated), thereby making up a module. The 
rubber sheet 1 further comprises a pair of polyimide film 
sheets 7, each having an adhesive layer, which sheets are 
pasted together Sandwiching the module between them Such 
that the main surfaces (the surface on which the RFID chip 
is mounted and the Surface opposite thereto) of the module 
are covered with the adhesive layers of the two film sheets. 
0026. The pair of polyimide film sheets 7 sandwiching 
the module are enclosed by the base part 4, So that the main 
surfaces of the combined pair of polyimide film sheets 7, 
that is, the upper Surface of the upper polyimide film sheet 
and the under Surface of the lower polyimide film sheet, face 
the inner Surface of the base part 4, which is processed to 
have an increased Surface lubricity, and also So that there is 
a Space between the end face on each side of the combined 
pair of polyimide film sheets 7 and the holding rubber 
member 8. In this arrangement, the inner Surface of the base 
part 4, which is processed to have an increased Surface 
lubricity, extends beyond the end face on each Side of the 
combined pair of polyimide film sheets 1 and reaches the 
holding rubber member 8. The space provided at each end of 
the combined pair of polyimide film sheets 7 allows the 
module to laterally slide with ease to achieve appropriate 
StreSS dispersion. That is to Say, the polyimide film functions 
as a release agent (ex. release paper). 
0027. The gaps generated where the RFID chip 5 is 
electrically connected to the flat antenna 6 via a metal bump 
(not illustrated) are filled with an underfill, for example, an 
epoxy resin, which is heat-cured to protect the connection 
(not illustrated). 
0028. The antenna 6 is preferably made of a flexible base 
material, Such as a polyimide film, a polyethylene tereph 
thalate film, a polyethylene naphthalate film, a polyethylene 
Sulfide film, a polyetherSulfone film, or a polyetherimide 
film. Also preferably, the antenna 6 is coated with a metallic 
film, preferably aluminum or copper, and it has a pattern 
formed by etching. 

0029. The top surface of the RFID inlet 9, that is held in 
position by the holding rubber member 8, is in contact with 
the rubber base 2. The other Surfaces, that is, the side and 
bottom surfaces of the RFID inlet 9 are completely encased. 
In the present embodiment of the invention, the RFID inlet 
9 is embedded under the rubber base 2 as a result of placing 
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priority on appearance or design. It is quite possible to 
mount the RFID inlet 9 on the upper surface of the rubber 
base 2. In order to make the most of the maximum com 
munication distance dependent on the antenna shape, it is 
desirable to position the RFID inlet 9 so that it is closest to 
an associated external terminal installed to receive and 
transmit ID information. 

0030 FIG. 2 is a top plan view of the rubber sheet. The 
RFID inlet 9 may be disposed in either one of location A near 
the edge of the rubber sheet 1 and inner location B further 
inward on the rubber sheet 1. It is also preferable to embed 
a plurality of RFID inlets 9 in the same rubber base 
depending on the complementarity of a plurality of the RFID 
inlets 9 or the volume of information to be handled. 

0031 FIG. 3 is a sectional view showing how the com 
ponents are arranged when the RFID inlet is mounted to the 
rubber sheet. 

0032 Under the rubber base 2, the base part 4, which has 
been processed to have an increased Surface lubricity and 
which is larger than an image pf the RF10 inlet produced by 
projection from above, is disposed Such that the inner 
Surface thereof, which is processed to have an increased 
surface lubricity, closely faces the RFID inlet 9. 
0033 Next, an unvulcanized rubber member 8 is dis 
posed under the RFID inlet 9. 
0034. Then, using a press machine, the components 
arranged as described above are pressed from above the 
rubber base 2 and also from below the unvulcanized rubber 
member 8, while at the same time, the components being 
pressed are heated. This process of pressing and heating 
hardens the unvulcanized rubber member 8 and fixes it to the 
rubber base 2, causing the RFID inlet 9 to be fixed in 
position, as shown in FIG. 1. 
0035 FIGS. 4A and 4B show a process of pasting the 
pair of polyimide film sheets 7, each having an adhesive 
layer, and which are to be included in the RFID inlet 9, to 
the module. 

0036 FIG. 4A shows an arrangement in which the pair 
of polyimide film sheets are disposed Such that their adhe 
sive layers face each other with the RFID inlet 9 being 
disposed in between them. The pair of polyimide film sheets 
7, each having an adhesive layer, are pasted to the RFID inlet 
9, using a film laminator. 
0037 FIG. 4B shows a lamination process in which the 
components arranged as shown in FIG. 4A are fed through 
a gap between a pair of upper and lower rollers 10 So as to 
be pasted together tightly into a voidleSS laminate Structure. 
Needless to Say, a different method may be used to paste 
them together. 
0038 FIGS. 5A to 5C show a process in which an RFID 
inlet 11, having a laminated Structure, is embedded in the 
base part 4 that is processed to have an increased Surface 
lubricity. FIG. 5A shows the RFID inlet 11 having a 
laminated structure. The RFID inlet 11 having a laminated 
structure comprises the RFID chip 5 and the antenna 6, 
which are electrically interconnected via a metallic bump 
(not illustrated). The gaps generated around the bump elec 
trically connecting the RFID chip 5 and the antenna 6 are 
filled with a heat cured underfill, Such as an epoxy resin (not 
illustrated). The RFID chip 5 is about 0.1 to 0.5 mm square 
by 0.02 to 0.5 mm thick. 
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0.039 The antenna 6 is made of a flexible organic film 
that is coated with a metallic film. The organic film material 
may be, for example, a polyimide resin or a polyethylene 
terephthalate resin. The metallic film material may be, for 
example, an alloy of copper and tin, or aluminum. The 
polyimide film sheets 7, each having an adhesive layer, have 
a base material thickness of 0.01 to 0.1 mm. The thickness 
of the adhesive layer is adjusted as required depending on 
the thickness of the RFID chip 5 to be used. The adhesive 
material is preferably a thermosetting resin, Such as a 
Silicone resin, an epoxy resin or a polyimide resin, which 
may be processed for increased flexibility. Shown on the 
right in FIG. 5A is an enlarged cross-sectional view, taken 
along line A-A, of the RFID inlet 11 having a laminated 
Structure. 

0040 FIG. 5B shows the RFID inlet 11 inserted in a base 
part 4 having a cylindrical shape. The inner Surface 12 of the 
base part 4 has been processed to have an increased Surface 
lubricity. Shown on the right in FIG. 5B is an enlarged 
croSS-Sectional view taken along line B-B. 
0041 FIG. 5C shows the RFID inlet 11 and a base part 
4 whose tubular shape has been flattened. This state is 
reached by pressing the components arranged as shown in 
FIG. 5B from above the RFID chip 5 and also from below 
the RFID chip 5. 
0042 Shown on the right in FIG. 5C is an enlarged 
cross-sectional view taken along line C-C. With the base part 
4 flattened, there are gaps (spaces) 13 generated between the 
main Surfaces and Side Surfaces of the antenna 6 and the 
inner Surface of the base part 4, which is processed to have 
an increased Surface lubricity. The gaps 13 give Some 
freedom of movement to the RFID inlet 11, contributing 
toward generating a stress relief effect when the RFID inlet 
is embedded in the rubber sheet. In the present embodiment 
of the invention, although the base part 4 has a tubular shape 
with open ends, it goes without Saying that the base part 4 
may have a Sack-like shape with one end closed. 
0.043 Instead of the base part 4 having a tubular shape or 
a Sack-like shape, a pair of sheets forming the base part 4 
may also be used. In this case, the main Surfaces (the 
antenna-mounted Surface and the opposite Surface) of the 
RFID inlet 11 are Sandwiched between the Surfaces of the 
pair of Sheets of the base part 4 that are processed to have 
an increased Surface lubricity. When using this method, each 
of the two sheets of the base part 4 may be larger than the 
shape, obtained by projection from above, of the RFID inlet 
11, So that a Space Sandwiched between the two sheets of the 
base part 4 is generated beside the end face on each side of 
the RFID inlet. 

0044) The two sheets of the base part 4 may be pasted 
together in their marginal portions so that the RFID inlet is 
sealed between them so as to be entirely surrounded by their 
Surfaces that have been processed to have an increased 
Surface lubricity. 

0.045. A wide range of materials which do not degrade 
when Subjected to a rubber Vulcanizing temperature of about 
100° C. to 300° C. may be used as the material for the base 
part 4. The material may be, for example, paper, woven 
fabric or nonwoven fabric, Such as bond paper or nonwoven 
paper. To increase the Surface lubricity of the base part 4, it 
may be coated with a Silicone resin or a tetrafluoride 

May 12, 2005 

ethylene resin, or, it may be impregnated with wax or rosin. 
Or, it may be made of a material, Such as a Silicone resin or 
a tetrafluoride ethylene resin, which does not adhere to 
rubber. To be processed to have an increased Surface lubric 
ity is not limited to one side of the base part 4. The base part 
4 may have both of its SideS processed to have an increased 
Surface lubricity. 
0046 A second embodiment of the present invention will 
now be explained with reference to FIGS. 6 and 7. FIG. 6 
shows a process in which the RFID inlet 11 having a 
laminated Structure is wrapped in the base part 14 that has 
been processed to have an increased Surface lubricity. 
0047. In this figure, the portion comprising laminated 
polyimide film sheets 7, each with an adhesive layer, of the 
RFID inlet 11 is shown in a partial sectional view to clearly 
indicate the RFID inlet composition. The base part 14 is a 
sheet large enough to wrap the RFID inlet 11. It is folded in 
three parts with the Surface 12 being processed to have an 
increased Surface lubricity coming inside. 
0048 FIG. 7 shows the base part 14, which is folded in 
three parts, hiding the RFID inlet 11 wrapped in it. This 
embodiment in which the RFID inlet 11 is wrapped in the 
base part 14 that is folded in three parts, as shown in this 
figure, is as effective as the first embodiment. 
0049. A stress relief effect can also be obtained by using 
an RFID inlet 11 that is wrapped in a base part 14 that is 
folded in two. 

0050 FIG. 8 shows a third embodiment of the present 
invention. In this embodiment, the RFID inlet 11 is sand 
wiched between two sheets of the base part 14 disposed 
above and below it. This embodiment is also as effective as 
the first embodiment. 

0051. The present invention has been described with 
reference to particular embodiments for the manufacture of 
a rubber sheet. It is to be understood that the invention can 
be applied to other rubber products, Such as Vibration 
isolating sheets, tires, or rubber rollers for printers, to 
produce the same effects as for a rubber sheet. 

1. An electronic device comprising a module which 
includes an RFID chip and an antenna, the RFID chip being 
electrically connected to a main Surface of the antenna; 

wherein the electronic device further comprises a release 
agent having a slippery Surface, and wherein main 
Surfaces of the module and Spaces beside the module 
are enclosed by the Slippery Surface of the release 
agent. 

2. An electronic device comprising a module which 
includes an RFID chip and an antenna, the RFID chip being 
electrically connected to a main Surface of the antenna; 
wherein the electronic device further comprises a release 
agent having a slippery Surface, and 

wherein the module and Spaces beside the module are 
enclosed by the Slippery Surface of the release agent, 
the module being movable in the Spaces. 

3. The electronic device according to claim 1, wherein the 
module is covered with a protective film. 

4. The electronic device according to claim 2, wherein the 
module is covered with a protective film. 
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5. The electronic device according to any of claims 1 to 
4, wherein the release agent having a slippery Surface is 
coated with a Surface lubricant. 

6. A method for manufacturing an electronic device, the 
electronic device comprising a module which includes an 
RFID chip and an antenna, and the RFID chip being 
electrically connected to a main Surface of the antenna; 

wherein the electronic device further comprises a pair of 
release agents each having a slippery Surface, each of 
the pair of release agents being larger than a projected 
image of the module, and 

wherein the method comprises enclosing the module by 
the Slippery Surfaces of the pair of release agents. 

7. The method according to claim 6, wherein the slippery 
Surfaces of the pair of release agents are pasted together Such 
that spaces in which the module is movable are kept beside 
the module. 

8. A method for manufacturing an electronic device, the 
electronic device comprising a module which includes an 
RFID chip and an antenna, and the RFID chip being 
electrically connected to a main Surface of the antenna; 

wherein the electronic device further comprises a release 
agent coated with a Surface lubricant, and 

wherein the method comprises mounting the module on 
the release agent and bending the release agent to cover 
main Surfaces of the module. 

9. The method according to claim 8, wherein the release 
agent is pressure formed. 

10. A rubber product comprising a module which includes 
an RFID chip and an antenna, the RFID chip being electri 
cally connected to a main Surface of the antenna and the 
module being embedded in Vulcanized rubber; 

wherein the rubber product further comprises a release 
agent having a slippery Surface, the Slippery Surface of 
the release agent enclosing main Surfaces of the module 
and Spaces beside the module. 

11. A rubber product comprising a module which includes 
an RFID chip and an antenna, the RFID chip being electri 
cally connected to a main Surface of the antenna and the 
module being embedded in Vulcanized rubber; 

wherein the rubber product further comprises a release 
agent having a slippery Surface, and 

wherein the module and Spaces beside the module are 
enclosed by the Slippery Surface of the release agent, 
the module being movable in the Spaces. 

12. The rubber product according to claim 10, wherein the 
module is covered with a protective film. 

13. The rubber product according to claim 11, wherein the 
module is covered with a protective film. 

14. The rubber product according to any of claims 10 to 
13, 

wherein the release agent having a Slippery Surface is 
coated with a Surface lubricant. 

15. A method for manufacturing a rubber product, the 
rubber product comprising a module which includes an 
RFID chip and an antenna, the RFID chip being electrically 
connected to a main Surface of the antenna and the module 
being embedded in Vulcanized rubber; 

wherein the rubber product further comprises a pair of 
release agents each having a slippery Surface, each of 
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the pair of release agents being larger than an image 
produced by projection from above of the module, and 

wherein the method comprises enclosing the module by 
the Slippery Surfaces of the pair of release agents and 
Vulcanizing unVulcanized rubber to embed the module 
enclosed by the slippery Surfaces of the pair of release 
agents in rubber. 

16. The method according to claim 15, wherein the 
method further comprises, 

pasting the Slippery Surfaces of the pair of release agents 
together Such that spaces in which the module is 
movable are kept beside the module, and 

Vulcanizing unVulcanized rubber to embed the module 
and the Spaces beside the module enclosed by the 
slippery Surfaces pasted together of the pair of release 
agents in Vulcanized rubber. 

17. A method for manufacturing a rubber product, the 
rubber product comprising a module which includes an 
RFID chip and an antenna, the RFID chip being electrically 
connected to a main Surface of the antenna and the module 
being embedded in Vulcanized rubber; 

wherein the rubber product further comprises a release 
agent having a slippery Surface, the release agent 
comprising a base release agent coated with a Surface 
lubricant; and 

wherein the method comprises mounting the module on 
the release agent, bending the release agent So as to 
cover main Surfaces of the module with the slippery 
Surface of the release agent, and Vulcanizing unVulca 
nized rubber to embed the module whose main Surfaces 
are covered with the Slippery Surface of the release 
agent in Vulcanized rubber. 

18. The method according to claim 17; 
wherein the release agent having a Slippery Surface is 

preSSure formed, and 
wherein the module whose main Surfaces are covered 

with the Slippery Surface of the pressure formed release 
agent is embedded in Vulcanized rubber. 

19. A method for manufacturing a rubber product, the 
rubber product comprising an RFID chip and an antenna, 
and the RFID chip being electrically connected to a main 
Surface of the antenna; 

wherein the rubber product further comprises a pair of 
release agent S each having a slippery Surface, and 

wherein the method comprises covering the module with 
the Slippery Surfaces of the pair of release agents, and 
Vulcanizing unVulcanized rubber to embed the module 
covered with the Slippery Surfaces of the pair of release 
agents in Vulcanized rubber. 

20. A method for manufacturing a rubber product, the 
rubber product comprising an RFID chip and an antenna, 
and the RFID chip being electrically connected to a main 
Surface of the antenna; 

wherein the rubber product further comprises a pair of 
release agents each having a slippery Surface, and 

wherein the method comprises: 
covering the module with the Slippery Surfaces of the pair 

of release agents, either mounting the module covered 
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with the slippery Surfaces of the pair of release agents unvulcanized rubber to embed the module covered with 
on Vulcanized rubber or putting the module covered the Slippery Surfaces of the pair of release agents in 
with the slippery Surfaces of the pair of release agents Vulcanized rubber. 
in a hole formed in Vulcanized rubber, and Vulcanizing k . . . . 


